For both dementia and Alzheimer's disease (AD), data regarding incidence rates in the oldest old and time trends in incidence are limited. The authors reanalyzed previously reported data on the incidence of dementia and AD in Rochester, Minnesota, from 1975 through 1984, using three new strategies. First, incidence rates were corrected by removing age-, sex-, and calendar year-specific prevalent cases from the census-derived denominator figures. Second, incidence figures for persons above age 84 years were disaggregated. Third, time trends were investigated graphically using age-specific curves and birth cohort curves. Dementia diagnosis and AD diagnosis followed defined ad hoc criteria. Analyses were conducted for men, women, and both sexes combined, and for dementia and AD separately. The age-specific incidence rates were similar in men and women, continued to increase after age 84 years, and remained stable over time for both dementia and AD. No birth cohort effect was present for either dementia or AD. The similar risks seen in men and women, the continuing increase in incidence after age 84 years, and the stability of incidence over time have important implications for etiologic research on AD. Am J Epidemiol 1998;148:51-62.
When Kokmen et al. (1) reported the incidence of dementia and Alzheimer's disease (AD) in Rochester, Minnesota, for the 25-year period 1960-1984, they analyzed the data with the objective of maximizing comparability over a long period of time. That study is one of the few available sources of incidence data on dementia in North America and worldwide (2, 3) . For most age and sex classes, Kokmen et al. reported the absence of a secular trend; however, they demonstrated a suggestive increase in incidence rates for both men and women in the age group over 84 years (1) . As was discussed extensively by Kokmen et al., it is unclear whether the apparent increase is real or the result of increased case ascertainment in this age group. New information which allows the calculation of more refined incidence rates for the most recent decade of the study, 1975-1984, has since become available for the Rochester population.
We reanalyzed the Rochester data using three new strategies: First, we corrected the census-derived denominators of the incidence rates by removing subjects already affected by dementia. Second, we obtained age-and sex-specific rates for subjects over age 84 years (disaggregation of the ^85 age class). Third, we investigated trends in incidence over one decade using graphic methods. Since the prevalence of dementia increases with advancing age (2, 3), we expected the denominator corrections to be particularly sizeable for the oldest old. Using these corrected incidence rates, we investigated the age and sex pattern for both dementia and AD, with particular attention to the oldest old age groups. In addition, we conducted a more focused analysis of time trends over one decade.
MATERIALS AND METHODS

Study population
Extensive details regarding the population and methodology of our epidemiologic studies of dementia in Rochester have been provided elsewhere (1, (4) (5) (6) (7) . Only key methodological information is summarized here. Rochester is the centrally located seat of Olmsted County, Minnesota, and it lies approximately 90 miles (145 km) southeast of Minneapolis; more than 70 percent of the county's population resides within the city limits, which have expanded over time. We rean-alyzed the incidence of dementia and AD among persons residing in Rochester from 1975 through 1984 (1) . To be included in the study, a subject was required to have resided in Rochester during the year of onset of dementia and for at least 1 preceding year. This residency check was done for each individual case at the time of onset of dementia, since the city limits of Rochester had varied over time. Patients who had moved to Rochester for the management of a preexisting dementing illness were excluded.
Case ascertainment
We ascertained cases of dementia through the record linkage system of the Rochester Epidemiology Project (8, 9) . Medical care for the populations of Rochester and Olmsted County is provided largely by the Mayo Clinic at the primary, secondary, and tertiary levels. Additional health care providers in the community participate in the Rochester Epidemiology Project, which supplies the infrastructure for the indexing and linking of essentially all medical information on the local population (the record linkage system). Each provider in the community employs a dossier system (or unit record) whereby all medical information for each individual is accumulated in a single record. Medical diagnoses, surgical interventions, and other key data from the dossier are routinely abstracted in a summary record ("master sheet") and are entered into computerized indices. Therefore, the system can be searched for each individual with a given condition through extensive indices of clinical or histologic diagnoses and surgical procedures coded using the hospital version of the International Classification of Diseases, Adapted (H-ICDA) (10) .
We searched the indices for 112 specific H-ICDA codes that might indicate dementia. Any subject with at least one of the study codes in any of the indices was considered a potential case. All medical records of each potential case were screened by a specifically trained nurse abstractor and, when applicable, reviewed by a neurologist with special expertise in dementia (E. K.). The neurologist confirmed the presence of dementia, classified the dementia by type, and determined the year of onset (1) . Because cases of dementia in the general population may remain undetected for a number of years (2) but may ultimately be diagnosed at some point during the natural history of the disease, we reviewed all medical records in which one of the H-ICDA codes of interest was entered during a 6-year period following the last year of the study interval (1985) (1986) (1987) (1988) (1989) (1990) . The use of this procedure should have assured more complete case ascertainment.
Diagnostic criteria
Diagnostic criteria for dementia were developed ad hoc for this study and have been described in detail elsewhere (1) . Our criteria for dementia were essentially equivalent to those given in the Diagnostic and Statistical Manual of Mental Disorders, Third Edition, Revised (11) . Diagnostic criteria for AD were also developed ad hoc for this study and were reported elsewhere (1). Our clinical criteria were comparable to those of the National Institute of Neurological and Communicative Disorders and Stroke-Alzheimer's Disease and Related Disorders Association (12); however, since our study was a retrospective review of medical records, we were unable to standardize the clinical evaluation of patients. For example, not all patients examined for dementia underwent neuropsychological or imaging tests, and some were never evaluated by either a neurologist or a psychiatrist. The differentiation of AD from other types of dementia was based on all clinical or laboratory information available in the medical record; however, no standard differential diagnosis scale, such as the Hachinski ischemic scoring system or its modifications (13), was used routinely for each patient. Autopsy reports were used whenever available.
Data analysis
Kokmen et al. reported rates calculated using numbers of incident cases as the numerators and decennial census counts as the denominators, with linear interpolation for intercensal years; the age class S:85 years was kept open and aggregated for lack of more detailed census information (1) . In this reanalysis, we corrected the denominators of the incidence rates by removing from the census figures subjects already affected by dementia and therefore not at risk. In addition, age-specific census denominators for the age classes 85-89, 90-94, and 95-99 years were used; the few subjects over age 99 years were excluded.
Estimates of the prevalence of dementia in Rochester were available for three points in time: January 1, 1975; January 1, 1980; and January 1, 1985 (5-7). For the years between prevalence estimates, we assumed a linear increase in the number of prevalent cases (a constant increment from one year to the next). For each calendar year, sex, and 5-year age class between ages 50 and 99 years, we obtained a corrected denominator by subtracting the corresponding number of prevalent cases from the census count. These corrections were based on two assumptions. First, all prevalent case subjects were considered to be affected by dementia on January 1 of each year and not at risk for developing dementia during the rest of the year. Sec- We report our findings as age-and sex-specific incidence rates at three levels of aggregation: by single calendar year, by quinquennium, and by decade. Age and sex patterns were investigated graphically by quinquennium, using average annual incidence rates. Incidence rates for the age class 95-99 years are not reported in sex-specific graphs because they were based on small numbers (in general, fewer than five incident cases) and therefore unstable. Average rates over a decade for both sexes combined are particularly useful when investigating the age pattern among the oldest old, because those rates are based on small numbers. Analyses were conducted for dementia and AD separately.
Time trends were investigated graphically using age-specific curves for 5-year age classes (14) . Analyses were conducted for dementia and AD separately and included both sexes combined, since no consistent sex pattern was observed (see "Results"). To increase the stability of the estimates, we graphed 3-year moving average incidence rates. Birth cohort effects were investigated graphically using birth cohort curves constructed with quinquennium-specific incidence rates for both sexes combined. Birth cohorts of 5 calendar years were considered; the central year served as the cohort label (14) .
The objectives of this reanalysis were mainly descriptive. Since the study covered the target population completely, no sampling was involved, and we did not use statistical tests to interpret our findings (15, 16) .
RESULTS
In the 10-year period considered (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) , a total of 659 subjects developed dementia in Rochester; 542 of them developed AD. Tables 1-4 show the distributions of incident cases, the corrected census counts, and the age-and sex-specific incidence rates of dementia and AD by single year, by quinquennium, and over the decade. Different levels of aggregation are convenient when addressing age, sex, and time patterns. Figure 1 shows the impact of the denominator corrections on incidence figures for both dementia and AD. Figure 2 shows age-and sex-specific incidence rates for the two quinquennia 1975-1979 and 1980-1984 and for the entire decade. For both dementia and AD, the incidence increased continuously with age, and there were no consistent sex patterns. Incidence rates for both dementia and AD were strikingly similar in men and women at all ages. When men and women were combined, the incidence of both dementia and AD continued to increase after age 84 years with approximately the same slope as before. Figure 3 shows incidence curves for dementia and AD over time for specific age groups. The incidence rates for the age classes 50-54 years through 85-89 years showed very limited variation over time. The changes were both positive and negative (inconsistent), and the incidence rates were similar at the beginning and the end of the interval. The age class 90-94 years showed wider changes, with a peak around 1979, and a somewhat higher incidence at the end of the interval compared with the beginning. These changes are probably a reflection of more unstable rates. In addition, these changes are graphically exaggerated because of the scale of the v-axis. A similar graphic exaggeration of the variation is seen for the age class 65-69 years, the most extreme age class on the smaller y-axis scale.
Our birth cohort analysis did not indicate any obvious cohort effect (figure 4). Different birth cohorts aging through the century experienced the same incidence of dementia or AD when reaching the same age. Only the cohort of 1890 showed a somewhat unusual slope; this was probably a chance finding.
DISCUSSION
Although data on the incidence of dementia and AD in Rochester for the period 1975-1984 have been previously reported (1), the present reanalyses revealed important departures from the original findings. Exploiting data that became available subsequent to the initial report, we were able to increase the validity of the estimates.
First, we corrected census figures used as denominators by subtracting prevalent cases. This appears to be an obvious correction, but it can only be made in a population for whom prevalence information is available for the study time period. Alternatively, we would have had to impute figures from a prevalence study dementia and AD (figure 1). These corrections are, therefore, crucial when studying the incidence curve among the oldest old. Uncorrected rates may create a spurious impression of stability or decline in risk at extreme ages, and this may lead to erroneous etiologic hypotheses. Second, we were able to disaggregate the incidence rates in the oldest old. This reanalysis is extremely important when investigating time trends. Because the risk of dementia increases with advancing age beyond age 84 years (as discussed above), pooling together wide age classes is misleading. The demographic composition of the age class ^85 years changes over time as a result of the population's aging. Therefore, aggregated incidence figures may show a spurious increase over time, which is due only to the shift in the age composition of the denominator (the residual confounding effect of age within an age class).
Third, we investigated time trends in the corrected and disaggregated rates. To increase the stability of the rates, we applied a 3-year averaging method resulting in eight-point graphs. We also conducted a birth cohort analysis. Finally, we reanalyzed the data and reported results (including corrected denominators) by single calendar year. The data shown here can be used for additional analyses and can be aggregated using alternative approaches.
For most age and sex classes, Kokmen et al. reported the absence of a secular trend in Rochester between 1960 and 1984; however, they reported a suggestive increase in the incidence rates for both men and women aged ^85 years (1). This increase took place over three quinquennia : 1965-1969, 1970-1974, and 1975-1979 . As was discussed extensively by Kokmen et al., it is unclear whether the increase was real or the result of ascertainment bias (1) . Over that period, awareness of dementia in general and of AD in particular increased among health care providers and in the general population. In addition, during the same time period, an increasing number of persons were admitted to nursing homes in Rochester, leading to the detection of previously unrecognized cases. Therefore, there may have been an increase over time in the vigorousness of diagnostic efforts; this change may have been particularly sizeable among the oldest old.
In the present reanalysis of the Rochester data, we were unable to cover the time period in which the increase in incidence was apparent, because no data on the prevalence of dementia before 1975 were available. However, we focused our reanalyses on the most recent decade of the study (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) and investigated time trends in this shorter time span. Our findings suggest that the incidence of both dementia and AD remained stable between 1975 and 1984 and confirm that the increase observed between 1965 and 1979 for the age class ^85 years was limited in time. This restriction suggests that the increase was probably an artifact, as discussed above.
Our findings on the incidence of dementia and AD are not easily compared with those from studies conducted in other populations, because of a major difference in case-finding. We detected cases of dementia through the unique record linkage system serving the Rochester population. The five other incidence studies of which we are aware were based on repeated contacts with the members of a cohort over time (17) (18) (19) (20) (21) . The latter approach is expected to yield higher incidence rates, because it permits identification of cases in persons who sought medical care for dementia and were correctly diagnosed, as well as in those who did not seek medical care. A number of dementia-affected persons living in a community may not be diagnosed or clinically managed for their disease; these subjects are not detected in a study based on a record linkage system (2). The magnitude of this underestimation is unknown; however, some characteristics of the Rochester population may act to reduce this problem. The Rochester population is almost entirely middle-class and well-educated and has excellent access to medical care. This should enhance referral of cases with moderate to severe dementia to one of the services included in the Rochester Epidemiology Project. In addition, we searched the system indices for the 6 years following the study period to increase detection. Persons with dementia are likely to be diagnosed at some point before death, even if the disease was not recognized at onset or when the symptoms were mild.
On the other hand, cohort studies based on repeated contacts over time have a number of other limitations. Usually, the size of the sample that can be studied at reasonable cost is too small for investigators to obtain stable incidence estimates for age and sex subgroups. In addition, the initial study sample may be distorted by nonparticipation, and additional distortion may result from losses to follow-up. Other methodological differences hampering geographic comparison of incidence rates pertain to the diagnostic criteria used and the degree of severity of dementia considered.
The five incident surveys mentioned above (17-21) and our study found remarkably similar incidence rates through the age of 80 years; in persons over age 80, two studies yielded incident rates consistently lower than those seen in Rochester (17, 21) , while three studies yielded rates consistently higher than those in Rochester (18) (19) (20) . Because of the method-Incidence of Dementia and Alzheimer's Disease 61 ological differences discussed above, the interpretation of these geographic variations in magnitude is problematic. On the other hand, some meaningful observations can be made by comparing age, sex, and other patterns across populations.
It has been suggested that the prevalence of dementia and AD increases exponentially up to age 80 or 85 years but either remains stable or declines thereafter (22, 23) . A number of prevalence studies do not support this hypothesis either for dementia (24) or for AD (25) . Information on the incidence of dementia and AD past the age of 80 years is more limited. The incidence rates from the Framingham Study continue to rise monotonically in the age classes 80-84 years and 85-89 years for both men and women (17) . Our data showed a continuous increase in incidence with age when data for men and women were combined (to stabilize the figures). Three recent European studies consistently showed a continuing increase in the incidence of AD at extreme ages (18) (19) (20) . Despite the differences in case ascertainment and, to some extent, in diagnostic criteria between our study and the others, all findings are consistent regarding the increasing risk above age 80 years (17) (18) (19) (20) .
It has been suggested that the prevalence of AD is higher in women than in men (2, 25) . This difference could be due to differential survival of men and women with AD, or it may reflect a difference in incidence. If men and women of the same ages had different risks of AD, this would be an important clue in etiologic research. The Framingham Study did not show higher age-specific incidence rates in women; the sex pattern was inconsistent over age (17) . Our data showed an inconsistent sex pattern over age and, in general, small differences in incidence between men and women. Incidence data from the Framingham Study and from this study provide evidence against a sex difference in the risk of AD. On the other hand, a recent study from Stockholm, Sweden, showed a consistently higher incidence of AD in women (18) . The sex pattern was inconsistent over age in a French study (19) and showed a higher incidence in women only past age 85 years in a British study (20) . The reasons for these discordant findings are not clear.
Data on time trends in the incidence of AD and other dementias are available for only two populations: those of Lundby, Sweden (26) and Rochester (1). The Lundby Longitudinal Study showed a decrease in incidence rates for AD between the periods 1947-1957 and 1957-1972 in all age groups and in both sexes (with the exception of males aged £90 years). Although the decline was consistent across all age and sex categories, its magnitude was small, and the authors interpreted their findings as suggesting the absence of a significant secular trend (26) . Considering both the data from the Lundby study and those from this reanalysis, we may conclude that no major time trends are apparent for either dementia or AD.
Our findings have important implications for etiologic research on AD and for public health planning. The similar risks of AD in men and women suggest that neither hormonal factors nor gender-related social, cultural, or occupational factors play a major role in AD causation. The continuing increase in incidence after age 84 years confirms that AD is an aging-related disease that follows a Gompertz function (27) . Finally, the stability of incidence over time is evidence against a simple environmental etiology for AD. The stable time trend also has important implications for projecting the future impact of dementia and AD in human populations (28) .
